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ABSTRACT 

In order to characterize how dark matter (DM) annihilation inside stars changes the aspect of 
a stellar cluster we computed the evolution until the ignition of the He burning of stars from 0.7 
M© to 3.5 M within halos of DM with different characteristics. We found that, when a cluster is 
surrounded by a dense DM halo, the positions of the cluster' stars in the H-R diagram have a brighter 
and hotter turn-off point than in the classical scenario without DM, therefore giving the cluster a 
younger appearance. The high DM densities required to produce these effects are expected only in 
very specific locations, such as near the center of our Galaxy. In particular, if DM is formed by the 
8 GeV WIMPs recently invoked to reconcile the results from direct detection experiments, then this 
signature is predicted for halos of DM with a density p x — 3 • 10 5 GeV cm~ 3 . A DM density gradient 
inside the stellar cluster would result in a broader main sequence, turn-off and red giant branch 
regions. Moreover, we found that for very high DM halo densities the bottom of the isochrones in the 
H-R diagram rises to higher luminosities, leading to a characteristic signature on the stellar cluster. 
We argue that this signature could be used to indirectly probe the presence of DM particles in the 
location of a cluster. 

Subject headings: dark matter - Galaxies: star clusters - Galaxy: center - Hertzsprung-Russell diagrams 
- Stars: fundamental parameters 



1. INTRODUCTION 



An unambiguous discovery of the particle nature of 
dark matter (DM) would have to come simult aneously 
from a variety of experiments and observations (|Bertond 
12010ft. Positive results from direct detecti on experiments 



(jCerdeno fc Greenll2010l : lPato et al.ll2010D and the hypo 
thetical e vidence of the exist ence of new particles from 
colliders (jBertone et al.ll20~Toh must be complemented by 
indirect methods, such as the detec t ion of DM anni- 
hilation products (iTrotta , et al l [2001 iScott et al.l 120101 : 
iBernal fc Palomares-Ruizll2010D or the observation of a 
peculiar signature in the solar neutr inos attributed to 
the effect of captur ed DM particles (|Taoso et al.l 120101 
ILooes fc Sill3l2010ah . 

In the last years many works s tudied the effects of 
WIMP DM on stel l ar evo l ution dSpolvar et al.1 120081: 
Bertone fc Fairbairnl 120081: lloccol 120081: lYoon et ail 
Taoso et al.l l2008t Ripamonti et al 



2006 



Gondolo et al. [20101: iSivertsson fe Gondolc 



de Lavallaz fc Fairbairnl 12010 ; Zackrisson et al.l 



2010; 



2010; 



2010; 



Kouvaris fc Tinvakovl 120101; [Yuan et al.l 1201 lT as a 
promising complementary way to investigate the nature 
of DM. Remarkably, it has also been argued that the 
seismological analysis of the stellar oscillations could be 
used to d etect the signature of cap t ured DM particles in 
the Sun (|Cumberbatch et al.l[2010l : ILooes fc Silkll2010bfl 
and in other sun-l ike stars in environments with very 
high DM densities ([Casanellas fc Lopesll2011[ ). All these 
studies require DM particles to interact with a non-zero 
nuclear scattering cross section. 
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In this work we are interested in the global behavior 
of a large group of stars instead of being concerned with 
the influence of DM on a single star, whose observation 
would require a higher precision. We address the ques- 
tion of how a dense halo of DM particles changes the 
properties of an embedded cluster of stars. As we will 
show, the annihilation of captured DM particles inside 
the stars leaves strong signatures in the stellar cluster 
when compared with a classical cluster without DM. The 
high DM densities required to produce measurable effects 
on the cluster restrict our study to the nuclear star clus- 
ters, present in the centers of galaxies, where the high- 
est DM densities are expected. Our description of the 
cluster isochrones provides an indirect way to probe the 
presence of DM particles in the location of the cluster, as 
the signatures we describe here are difficult to attribute 
to other processes. 

This letter is organized as follows: the physics beyond 
the stellar models and the capture and annihilation of 
DM particles is briefly described in Section [SJ the effects 
of DM on stellar evolution are characterized in Section 
[3j in Section [4] the properties of a cluster embedded in a 
dense DM halo are compared with those of a classical 
cluster; finally, we conclude in Section [5] with a brief 
discussion of our results. 

2. STELLAR AND DARK MATTER PHYSICS 



To compute our stellar 
lar evolution code CESAM 



models we u sed the stel- 
(IMorell [19971) . This code 
has an up-to-date and very refin ed microscopic physics, 
tested against helioseismic dat a (jTur ck-Chic ze fc LopesI 
1993: Turck-Chieze et aTll2010D . Our stellar models were 
evolved from the zero age main sequence (ZAMS) (al- 
though some of them were also evolved from the pre- 
main sequence phase to check that both approaches led 
to similar results), at constant mass, with a metallicity 
Z = 0.019 and an initial helium mass fraction Y = 0.273 
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similar to the solar ones. The initial abundance of the 
other elements was set equal to the solar composition. 
The mixing-length parameter was set by calibrating a 
solar model with an accuracy of 10 -5 on the solar radius 
and luminosity. The performance of our code in the range 
of masses (0.7 M Q to 3.5 M©) and evolutionary stages 
studied in this work was successfully teste d by compar- 
ing ou r computed isochrones with those of iGirardi et al.l 
(200l|. 

The stars computed in this work are embedded in a 
dense halo of DM. To account for the impact of the 
DM particles on the stars we considered that some of 
the DM particles that populate the halo are gravitation- 
ally captured by the stars and accumulate in their in- 
terior. The number of captured DM particles was c om- 
puted using the integral expres s ion of iGouldl (|1987l ). as 
implemented in iGondolo et al.1 (j2004f ) . Note that, for 
the capture process to be efficient, the DM particles are 
assumed to have a non-negligible scattering cross sec- 
tion with baryons a Xl which we chose to be smaller 
than the present limits from direct detection ex peri- 
ments: a Xt si = 10~ 44 cm 2 (|Ahmed et al.l 12010( 1 and 
a XiSD = 10~ 38 cm 2 (jBehnke et al.l 120 lif t for a WIMP 
with a mass of 100 GeV. For these values of a x , the spin- 
dependent (SD) interactions with hydrogen atoms always 
dominate over the spin-independent (SI) ones with other 
stellar isotopes. 

In the capture rate (C x ) calculation we assumed a stel- 
lar velocity = 220 km s _1 and a Maxwellian DM 
velocity distribution with a dispersion v x = 270 km 
s _1 . These values apply for the solar case, but are cer- 
tainly inaccurate for a nuclear cluster. For instance, 
stars with velocities as high as 400 km s -1 are ob - 
served near the Galactic center (GC) (|Lu et al.l [2009). 
In this case the capture rate would be reduced by 
a factor of 6 (for a more thorough analysis of how 
C x varies for different stellar and DM characteristics 
see lLopes. Casanellas fc Eugenio I (|201lO ). At the same 
time, it is complex to model the DM velocity distribution 
in the GC, as the motion of the DM particles is strongly 
influenced by the gravitational potent ial of the stars and 
the central black hole. Interestingly, iScott et al.1 (j2009f l 
tested other DM velocity distributions with the aim of 
grasping the possible variations on C x . When a non- 
Gaussian distribution (designed to fit a N-body simula- 
tion of a Milky Way-size DM halo) was implemented, the 
capture rate was boosted by a factor of 3-5. On the other 
hand, the same authors found that the truncation of the 
isothermal distribution at the local escape velocity re- 
duces C x by a factor of 2. The same order of uncertainty 
on C x is expected in the cases presented in the present 
work. 

After some scatterings, the DM particles sink to the 
core of the star and rapidly thermalize with stellar mat- 
ter. The number of DM particles in the stellar core 
increases until their self-annihilation rate balances the 
capture rate. This equilibrium is reached in a time scale 
below 10 4 yr for all cases studied here. Thus, the anni- 
hilation of DM particles provides a new source of energy 
which cont ributes to the total l uminosity of the star ac- 
cording to (|Salati fc SilklU98l : 

L x = fx m x C x i C 1 ) 



where m x is the mass of the DM particles, and f x = 2/3 
to take into account that one third of the energy may es - 
cape the star in the form of neutrinos (|Iocco et alj |2008) . 
This energy is injected to the stellar models following the 
thermal distribution of the DM particles, which charac- 
teristic radius is below 2% and 7% of the stellar radius 
for m x — 100 GeV and 8 GeV respectively. The total 
input of energy from DM annihilation, and thus also its 
impact on stellar evolution, will depend mainly on the 
product p x o~ x . 

3. STELLAR EVOLUTION WITHIN DENSE DM HALOS 

The hydrostatic equilibrium (the balance between 
pressure and gravity) achieved by a star within a dense 
DM halo differs from the one reached in the classical 
picture due to the new source of energy added to the 
classical thermonuclear energy sources. This fact leads 
to three main consequences that will influence the char- 
acteristics of the whole cluster: 

1. Slowing of the evolutionary speed: The central tem- 
perature of stars that evolve within dense DM halos is 
lower than that of classical stars due to their negative 
heat capacity. Another simple way to understand this is 
to imagine a forming star in the pre-main sequence. The 
cloud of gas that forms the proto-star shrinks, increasing 
its central temperature until the gravitational collapse 
is balanced by the thermonuclear reactions; if another 
source of energy helps to compensate gravity, the hy- 
drostatic equilibrium is reached earlier, when the central 
temperature is lower. Therefore, stars within dense DM 
halos burn hydrogen at a lower rate, slowing down their 
evolution through later phases. For example, a star of 1 
Mq will spend more than 20 Gyr in the main sequence 
(MS) if it evolves in a DM halo of density p x = 2 TO 9 GeV 
cm~ 3 (assuming ct x .sd = 10~ 38 cm 2 , although other val- 
ues of p x and o~ Xt sD can be considered, leading to the 
same effects as long as the product p x o~ x is kept con- 
stant). This is a significant difference from the classical 
picture, in which a star as the Sun is expected to ex- 
haust its hydrog en core in less than 10 Gyr. As shown 
in earlier works (|Salati &: Silk l ll989). the more massive 
the star is, the less it is affected by WIMP annihilation. 
Considering the same DM halo of the previous example, 
a star of 3 M Q won't be affected. 

2. Different paths on the H-R diagram: Since DM 
burning accounts for at least one third of the total en- 
ergy, the balance will be reached with a larger radius and 
a lo wer effective temperat ure than in the classical pic- 
ture (|Fairbairn et al.ll2008D . Therefore, stars that evolve 
in dense DM halos follow slightly different paths in the 
H-R diagram. We found that, in addition to the dif- 
ferent paths followed during the MS, which was alread y 
reported in previous works ([Casanellas fc Lopes! |2009( ). 
stars follow brighter tracks during the red giant branch 
(RGB). This feature is illustrated in Figure [TJ Even if 
the difference in the paths is remarkable, its effect on the 
cluster is small compared with the slowing of the evolu- 
tionary speed. 

3. Stationary states: For extremely high DM densities, 
stars are powered only by the energy from DM annihila- 
tion. Whether the star was formed in this environment 
or arrived there a posteriori, it will reach a state of equi- 
librium in the H yashi track, far from the M S where most 
stars are found (|Casanellas fc Lopea 120091 ). In this case 
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Fig. 1. — Tracks on the H-R diagram of stars of 1 Mq that evolved 
in halos with different DM densities. The blue point indicates a 
stationary state reached by a star only powered by DM burning. 
We considered DM particles with a mass m x = 100 GeV and 
a spin-dependent scattering cross section with protons cr Xt sD = 
10 -38 cm 2 . 

the star is fully convective and remains in the same po- 
sition in the H-R diagram as long as there are DM par- 
ticles to be captured in the halo (an illustrative example 
is shown in Figure [1} . 

4. GLOBAL STRUCTURE OF A STELLAR CLUSTER 
WITHIN A DENSE DM HALO 

It is naturally expected then, that stellar clusters are 
affected by DM halos, since their basic constituents, 
namely stars, are themselves affected. The main reason 
is the fact that stars with lower masses evolve slower in 
dense DM halos. This effect is not noticeable for young 
clusters since in these clusters low-mass stars are still in 
the MS and the more massive ones, which are evolving 
through the RGB, are not affected by the presence of 
DM. However, in old clusters the RGB may be popu- 
lated by stars that evolved slower, consequently making 
the cluster look younger than its real age. Moreover, the 
fact that low-mass stars within dense DM halos follow 
brighter paths in the RGB than classical stars contributes 
to amplify this effect. 

In order to distinctly illustrate the younger appearance 
of a cluster when embedded in a dense DM halo, we com- 
puted the isochrones (the track drawn by the positions 
in the H-R diagram of all stars with different masses 
at a given age) of stellar clusters in different situations. 
Figure [2] shows the isochrones we obtained for a cluster 
evolving in a halo of DM with a density p x = 10 9 GeV 
cm" 3 (continuous lines) together with those obtained 
without the influence of DM (dashed lines). When the 
isochrones of > 1000 Myr in both situations are com- 
pared, we see that indeed the cluster within a dense DM 
halo looks younger, with a brighter and hotter turn-off 
point and a brighter RGB. In this case the turn-off and 
RGB are populated by more massive stars than in the 
classical scenario, because they took longer to burn out 
their hydrogen core and to leave the MS. It is almost im- 
possible to distinguish both clusters at ages < 500 Myr. 

When even higher DM densities are considered (or, 
equivalently, larger WIMP-on-nucleon scattering cross 
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Fig. 2. — Isochrones for a cluster of stars with masses between 
0.7 Mq-3.5 Mq that evolved in a halo of DM with a density 
p x = 10 9 GeV cm -3 (continuous lines) and for the same cluster in 
the classical scenario without DM (dashed lines). We considered 
DM particles with a mass m x = 100 GeV and a spin-dependent 
scattering cross section with protons (t x ,sd = 10 -38 cm 2 . 

sections) the characteristics of the cluster change dra- 
matically. In addition to the previously described effect 
(which will now be visible for younger clusters, because 
at higher DM densities more massive stars will be af- 
fected), another strong signature of the presence of DM 
in the halo arises when looking at the position of stars 
with lower masses. These stars, which are mostly fu- 
eled by the energy from DM annihilation, go back in 
the Hyashi track and reach positions in the H-R diagram 
which were normally occupied only by forming stars in 
their way to the MS. Consequently, the bottom of the 
isochrones, corresponding to the lower mass stars, rises 
to higher luminosities, giving the cluster a very charac- 
teristic appearance. This peculiar signature is a strong 
indication of the presence of high concentrations of DM 
in a stellar cluster. 

This strong signature is illustrated in Figure |3l where 
the isochrones of a stellar cluster surrounded by a halo 
of DM with a density p x = 10 10 GeV cm -3 are plotted. 
The main characteristic signature of the presence of DM 
is the fact that the bottom of all isochrones is more than 3 
times brighter than the classical isochrones. In addition, 
the effect of a brighter and hotter turn-off point is now 
more pronounced and appreciable in clusters as young as 
250 Myr. 

We have also considered the hypothetical scenario in 
which DM is formed by the low-mass WIMPs invoked 
to reconcile the results of DAMA with th e negative re- 
sults of other direct detection experiments flSavage et al.l 
2009). As shown in Figure |H if such WIMPs form most 
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Fig. 3. — Isochrones for a cluster of stars with masses between 
0.7 Mg-3.5 M© that evolved in a halo of DM with a density p x = 
10 10 GeV cm -3 (continuous lines) and for the same cluster in 
the classical scenario without DM (dashed lines). The post-MS 
segment of the 10 Gyr isochrone is a conservative estimation (a 
lower limit on luminosity) of the true isochrone. We considered 
DM particles with a mass m x = 100 GeV and a spin-dependent 
scattering cross section with protons <r Xt SD = 10 — 38 cm 2 . 

of the DM then the DM density needed to have signa- 
tures on a stellar cluster would be as low as 3 • 10 5 GeV 
cm -3 . Both the low mass of these WIMPs (m x — 8 GeV) 
and especially their large SD scattering cross section with 
protons (<j x ,sd = 10~ cm 2 ) contribute to producing ef- 
fects on the stellar cluster at lower DM halo densities. 

5. DISCUSSION AND CONCLUSIONS 

We have shown that a cluster of stars that evolves in 
a dense halo of DM shows strong signatures in its ap- 
pearance due to the self-annihilation of captured DM 
particles in the interior of stars. In comparison to the 
classical case, the cluster within a dense DM halo looks 
younger than its true age, due to the slower evolution of 
the stars when these are partially powered by DM an- 
nihilation. This is visible only for old clusters (e.g. for 
clusters older than 1 Gyr within a DM halo of density 
p x = 10 9 GeV cm -3 ), because their RGB is populated by 
low-mass stars, which are the type of stars most affected 
by DM. 

Our work focuses on environments with very high DM 
densities, which may be present only in s pecific locations, 
such as near the centers of galaxies (jGondolo fe Silkl 
1999). In particular , considering an adiabat ically con- 
tracted DM profile (jBertone fe MerrittJ 120051 ) . the DM 
densities discussed here may be found at the following 
distances from the GC: p x — 3 x 10 5 GeV cm -3 at 
tqc wipe and p x = 10 10 GeV cm -3 at roc ~ 0.01 pc. 
The shape of the central profiles of galactic DM halos is 
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Fig. 4. — Isochrones of 10 Gyr for clusters of stars that evolved 
in halos of DM with different densities. We considered DM par- 
ticles with the particular characteristics that fit DAMA observa- 
tions and constraints from direct detection experiments: a mass 
m x = 8 GeV and a spin-dependent scattering cross section with 
protons cr x so = 10~ 36 cm 2 . 



still a topic of discussion (|de Blokll20ll : while simula- 
tions predict the existence of cusps, observations favor 
constant-density DM cores. 

Our results indicate that the age of a cluster may be 
underestimated if embedded in a dense DM halo, which 
goes towards solving the "paradox of youth" in the center 
of the Milky Way, a possibil ity that was first suggested 
bv iMoskalenko fc Wail (|2007l ) in the context of compact 
stars. However, there are many astrophysical uncertain- 
ties, such as the velocities of stars and DM particles, that 
may change the rate at which stars capture DM parti- 
cles and therefore change the overall influence of DM on 
a cluster. Although our results do not explain the de- 
pletion of giants o bserved in the nuclear central cluster 
of the Milky Way (EoetaDllOOl iBuchholz et"aT1[20ol 
iBartko et all 120101 ) they show that the influence of DM 
on stellar evolution must be taken into account when 
studying nuclear clusters. 

A DM halo density gradient inside the stellar clus- 
ter would result in a broader MS, turn-off and RGB 
regions. This effect is usually attributed to photo met- 
ric errors, variable red dening dCarraro eFaJ] 12002). ex- 
tended star formation ()Twarog et al.ll2011l) and binaries 
(|Zhao fc Bailvnll2005D . In the case of nuclear star clus- 
ters it could also be associated with the annihilation of 
DM particles inside the stars, given that within the typ- 
ical size of nuclear clusters the DM density is expected 
to vary several orders of magnitude depending on the 
proximity of the galactic center. 

For stellar clusters embedded in halos with extremely 
high DM densities we found an additional very strong 
signature: the bottom of the computed isochrones in the 
H-R diagram rises to higher luminosities because the low- 
mass stars, powered only with energy from DM annihi- 
lation, inflate and become fully convective. As this sig- 
nature is hardly explained by other processes, we argue 
that this could be an indirect way to probe the presence 
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of DM particles in the location of a cluster of stars. 
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APPENDIX 
ISOCHRONE TABLES 

In Table Q] is shown a summary of the data used in Figures [2] and [3j which corresponds to the isochrones of a 
classical stellar cluster and of stellar clusters embedded in halos of DM particles with densities p x — 10 9 GeV cm -3 
and p x = 10 10 GeV cm~ 3 . The mass of the stars ranges from 0.7 to 3.5 Mq and their metallicity is Z=0.019. Our 
results do not rely on any specific initial mass function (IMF), i.e. any IMF could be used along with the table to 
obtain the relative number of stars in different sections of the isochrones. 



TABLE 1 Isochrones of a stellar cluster embedded in halos of DM particles 
with different DM densities. The DM particles are assumed to have a mass of 
100 GeV and a spin-dependent scattering cross section with protons 
a Xl sD = 10~ 38 cm 2 . 



p x (GeV cm" 3 ) 


Age (Myr) 


A/(M Q ) 


log(T eff / K ) : 


log(L* / L ) 





25 


0.75000 


3.67148 


-0.73140 





25 


0.75000 


3.67148 


-0.73140 





25 


0.85000 


3.70861 


-0.47804 





25 


0.90000 


3.72415 


-0.36338 


o 


25 


0.95000 


3.73803 


-0.25484 





25 


1.00000 


3.75052 


-0.15104 





25 


1.05000 


3.76194 


-0.05041 





25 


1.10000 


3.77265 


0.04843 





25 


1.20000 


3.79237 


0.23570 





25 


1.30000 


3.81074 


0.40377 





25 


1.40000 


3.82962 


0.55440 





25 


1.50000 


3.85267 


0.68920 





25 


1.60000 


3.87884 


0.81074 





25 


1.70000 


3.90249 


0.92201 





25 


1.80000 


3.92363 


1.02498 





25 


1.90000 


3.94274 


1.12120 





25 


2.00000 


3.96023 


1.21166 





25 


2.10000 


3.97637 


1.29708 





25 


2.20000 


3.99138 


1.37803 





25 


2.30000 


4.00538 


1.45504 





25 


2.40000 


4.01853 


1.52842 





25 


2.50000 


4.03089 


1.59858 





25 


2.60000 


4.04258 


1.66576 





25 


2.70000 


4.05366 


1.73024 





25 


2.80000 


4.06423 


1.79230 





25 


2.90000 


4.07430 


1.85203 





25 


3.00000 


4.08393 


1.90969 





25 


3.10000 


4.09316 


1.96535 





25 


3.20000 


4.10202 


2.01921 





100 


0.75000 


3.66983 


-0.72340 





100 


0.85000 


3.70742 


-0.47299 





100 


0.90000 


3.72360 


-0.35737 


o 


100 


95000 


3 73832 


-0.24661 





100 


1.00000 


3.75162 


-0.14020 





100 


1.05000 


3.76357 


-0.03808 





100 


1.10000 


3.77436 


0.05996 





100 


1.20000 


3.79377 


0.24417 





100 


1.30000 


3.81202 


0.41114 





100 


1.40000 


3.83076 


0.56072 





100 


1.50000 


3.85351 


0.69513 





100 


1.60000 


3.87902 


0.81715 





100 


1.70000 


3.90196 


0.92923 





100 


1.80000 


3.92235 


1.03330 





100 


1.90000 


3.94060 


1.13064 





100 


2.00000 


3.95705 


1.22230 





100 


2.10000 


3.97206 


1.30915 





100 


2.20000 


3.98581 


1.39169 





100 


2.30000 


3.99862 


1.47068 





100 


2.40000 


4.01057 


1.54636 





100 


2.50000 


4.02180 


1.61927 





100 


2.60000 


4.03235 


1.68947 





100 


2.70000 


4.04228 


1.75733 





100 


2.80000 


4.05165 


1.82309 





100 


2.90000 


4.06046 


1.88690 





100 


3.10000 


4.07652 


2.00952 





100 


3.30000 


4.09055 


2.12621 





100 


3.50000 


4.10250 


2.23821 





250 


0.75000 


3.66912 


-0.72153 





250 


0.85000 


3.70739 


-0.46915 
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TABLE 1 - continued from previous page 



p x (GeV cm- 3 ) 


Age (Myr) 


M(M ) 


log(T eff / K ) 


log(L* / L Q ) 





250 


0.90000 


3.72389 


-0.35231 





250 


0.95000 


3.73879 


-0.24068 





250 


1.00000 


3.75213 


-0.13382 





250 


1.10000 


3.77490 


0.06741 





250 


1.20000 


3.79430 


0.25283 





250 


1.30000 


3.81246 


0.42100 





250 


1.40000 


3.83101 


0.57182 





250 


1.50000 


3.85331 


0.70756 





250 


1.60000 


3.87778 


0.83108 





250 


1.70000 


3.89929 


0.94477 





250 


1.80000 


3.91773 


1.05040 





250 


1.90000 


3.93384 


1.15023 





250 


1.91000 


3.93532 


1.15989 


o 


250 


2.00000 


3.94803 


1.24461 





250 


2.10000 


3.96078 


1.33514 





250 


2.20000 


3.97224 


1.42220 





250 


2.30000 


3.98254 


1.50639 





250 


2.40000 


3.99160 


1.58793 





250 


2.50000 


3.99942 


1.66736 





250 


2.60000 


4.00586 


1.74458 





250 


2.70000 


4.01069 


1.82007 





250 


2.80000 


4.01363 


1.89408 





250 


2.90000 


4.01403 


1.96626 





250 


3.00000 


4.01103 


2.03676 





250 


3.10000 


4.00409 


2.10587 





250 


3.15000 


4.00024 


2.14164 





250 


3.20000 


4.01325 


2.19874 


o 


250 


3.21000 


4.04108 


2.26802 





250 


3.22000 


4.02978 


2.29505 





250 


3.23000 


4.02127 


2.30979 





250 


3.24000 


4.00720 


2.32118 





250 


3.24500 


3.98751 


2.32297 





250 


3.25000 


3.95206 


2.30835 





250 


3.25150 


3.93486 


2.29574 





250 


3.25350 


3.90164 


2.26602 





250 


3.25500 


3.89325 


2.25815 





250 


3.25590 


3.87516 


2.24086 





250 


3.25600 


3.83402 


2.18768 





250 


3.25630 


3.82425 


2.17807 





250 


3.25650 


3.81795 


2.16721 


o 


250 


3.25680 


3.78730 


2.12451 





250 


3.25710 


3.78140 


2.11338 





250 


3.25750 


3.77872 


2.10775 





250 


3.25800 


3.76515 


2.07537 


o 


250 


3.25830 


3.75982 


2.05500 





250 


3.25870 


3.74219 


1.96290 





250 


3.25900 


3.73576 


1.92345 





250 


3.25950 


3.72738 


1.87437 





250 


3.25980 


3.71750 


1.84125 





250 


3.26000 


3.71397 


1.84491 





250 


3.26100 


3.70422 


1.89534 





250 


3.26200 


3.69260 


2.01970 





250 


3.26300 


3.68374 


2.13944 





250 


3.26500 


3.67265 


2.29575 





250 


3.26700 


3.66270 


2.43925 





500 


0.75000 


3.66911 


-0.71835 





500 


0.85000 


3.70780 


-0.46408 





500 


0.90000 


3.72443 


-0.34634 





500 


0.95000 


3.73938 


-0.23390 





500 


1.00000 


3.75276 


-0.12610 





500 


1.10000 


3.77554 


0.07749 





500 


1.20000 


3.79490 


0.26571 





500 


1.30000 


3.81286 


0.43662 





500 


1.40000 


3.83086 


0.58981 





500 


1.50000 


3.85171 


0.72776 





500 


1.60000 


3.87358 


0.85341 


o 


500 


1.70000 


3.89155 


0.96972 





500 


1.80000 


3.90572 


1.07833 





500 


1.90000 


3.91734 


1.18272 





500 


2.00000 


3.92637 


1.28295 





500 


2.04000 


3.92920 


1.32207 





500 


2.10000 


3.93249 


1.37987 





500 


2.20000 


3.93491 


1.47332 





500 


2.30000 


3.93224 


1.56312 





500 


2.40000 


3.92290 


1.64869 





500 


2.46000 


3.92378 


1.71275 
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TABLE 1 - continued from previous page 



p x (GcV cm- 3 ) 


Age (Myr) 


M(M Q ) 


log(T eff / K ) 


log(L* / L Q ) 





500 


2.46500 


3.92800 


1.72412 





500 


2.47000 


3.93591 


1.74035 





500 


2.47500 


3.95797 


1.78130 





500 


2.48000 


3.95911 


1.82439 





500 


2.50000 


3.93963 


1.86087 





500 


2.51000 


3.91183 


1.86722 





500 


2.51200 


3.90364 


1.86503 





500 


2.51400 


3.88457 


1.85568 





500 


2.51600 


3.86064 


1.83821 





500 


2.51800 


3.82350 


1.80095 





500 


2.51900 


3.80242 


1.77489 





500 


2.52000 


3.78050 


1.73315 





500 


2.52100 


3.76165 


1.65732 





500 


2.52200 


3.74752 


1.55854 





500 


2.52300 


3.73554 


1.48007 





500 


2.52400 


3.72477 


1.43067 





500 


2.52500 


3.71456 


1.45750 





500 


2.52700 


3.69870 


1.65553 





500 


2.53000 


3.68516 


1.87425 





500 


2.53500 


3.66891 


2.12896 





500 


2.53700 


3.66378 


2.20523 





500 


2.53810 


3.66086 


2.24817 





1000 


0.75000 


3.66966 


-0.71245 





1000 


0.85000 


3.70876 


-0.45537 





1000 


0.90000 


3.72551 


-0.33606 





1000 


0.95000 


3.74054 


-0.22176 


o 


1000 


1.00000 


3.75396 


-0.11176 





1000 


1.10000 


3.77672 


0.09725 





1000 


1.20000 


3.79591 


0.29159 





1000 


1.30000 


3.81316 


0.46803 





1000 


1.40000 


3.82872 


0.62433 





1000 


1.45000 


3.83611 


0.69628 





1000 


1.50000 


3.84341 


0.76530 





1000 


1.54000 


3.84855 


0.81728 





1000 


1.60000 


3.85482 


0.89291 





1000 


1.70000 


3.86015 


1.01260 





1000 


1.80000 


3.85713 


1.12389 





1000 


1.90000 


3.84588 


1.23260 





1000 


1.91000 


3.84767 


1.24875 





1000 


1.91500 


3.85008 


1.25887 





1000 


1.92000 


3.85709 


1.27678 





1000 


1.92500 


3.87040 


1.30607 





1000 


1.93000 


3.88797 


1.37559 





1000 


1.95000 


3.87245 


1.41807 





1000 


1.95400 


3.86743 


1.42494 





1000 


1.96200 


3.84673 


1.43204 





1000 


1.96600 


3.83163 


1.42992 





1000 


1.96800 


3.81836 


1.42292 





1000 


1.96900 


3.80306 


1.40808 





1000 


1.97000 


3.79564 


1.39787 





1000 


1.97400 


3.76855 


1.32206 





1000 


1.97600 


3.74509 


1.19045 





1000 


1.97800 


3.72258 


1.08958 


o 


1000 


1.97900 


3.71797 


1.09934 


o 


1000 


1.98100 


3.71056 


1.15725 


o 


1000 


1.98200 


3.70709 


1.20857 





1000 


1.99000 


3.69320 


1.48019 





1000 


2.00000 


3.67947 


1.73567 





1000 


2.02000 


3.65704 


2.11526 





1000 


2.03000 


3.61677 


2.69923 





2500 


0.70000 


3.64888 


-0.83902 





2500 


0.75000 


3.67183 


-0.69615 





2500 


0.85000 


3.71169 


-0.43088 





2500 


0.90000 


3.72873 


-0.30623 





2500 


0.95000 


3.74393 


-0.18563 


o 


2500 


1.00000 


3.75735 


-0.06825 





2500 


1.10000 


3.77973 


0.15955 





2500 


1.20000 


3.79652 


0.37132 





2500 


1.25000 


3.80143 


0.46383 





2500 


1.30000 


3.80298 


0.54658 





2500 


1.36000 


3.79974 


0.63472 





2500 


1.41000 


3.79967 


0.72635 





2500 


1.41300 


3.80651 


0.76339 





2500 


1.41600 


3.81580 


0.81974 





2500 


1.42000 


3.81431 


0.83524 
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TABLE 1 - continued from previous page 



p y (GeV cm- 3 ) 


Aqe (Myr) 


M(M©) 


log(T eff / K ) 


log(L* / L ) 





2500 


1.43000 


3.81240 


0.85975 





2500 


1.44000 


3.80895 


0.88391 





2500 


1.45000 


3.80463 


0.90585 


o 


2500 


1.46000 


3.79809 


0.92650 





2500 


1.46400 


3.79489 


0.93310 





2500 


1.46800 


3.78899 


0.93793 





2500 


1.47200 


3.78720 


0.94176 





2500 


1.47600 


3.77708 


0.93353 





2500 


1.48000 


3.76533 


0.90942 





2500 


1.48400 


3.74951 


0.85217 





2500 


1.48500 


3.75394 


0.87314 





2500 


1.48800 


3.73419 


0.78814 





2500 


1.49000 


3.72322 


0.75467 





2500 


1.49200 


3.72011 


0.75224 





2500 


1.49600 


3.71147 


0.77299 





2500 


1.50000 


3.70672 


0.82157 





2500 


1.51000 


3.70153 


0.93898 





2500 


1.52000 


3.69624 


1.09652 





2500 


1.53000 


3.68671 


1.33581 





2500 


1.53500 


3.67794 


1.51972 





2500 


1.53800 


3.67202 


1.63355 





2500 


1.53970 


3.66811 


1.70777 





5000 


0.70000 


3.65207 


-0.81780 


o 


5000 


0.75000 


3.67569 


-0.66929 





5000 


0.85000 


3.71673 


-0.38839 





5000 


0.90000 


3.73415 


-0.25306 


o 


5000 


0.95000 


3.74950 


-0.11874 





5000 


1.00000 


3.76244 


0.01398 





5000 


1.05000 


3.77306 


0.14705 





5000 


1.10000 


3.78020 


0.27460 





5000 


1.14000 


3.78397 


0.38615 





5000 


1.15000 


3.78457 


0.41565 





5000 


1.17000 


3.78514 


0.47905 





5000 


1.18000 


3.78441 


0.51244 





5000 


1.19000 


3.78335 


0.54390 





5000 


1.20000 


3.78154 


0.57640 





5000 


1.21000 


3.77751 


0.61223 





5000 


1.22000 


3.77125 


0.64143 





5000 


1.22400 


3.76601 


0.64974 


o 


5000 


1.22800 


3.75923 


0.65024 





5000 


1.23200 


3.74906 


0.63586 





5000 


1.23300 


3.74200 


0.61838 





5000 


1.23400 


3.74069 


0.61596 





5000 


1.23500 


3.74155 


0.61948 





5000 


1.23600 


3.72723 


0.58247 





5000 


1.23700 


3.72369 


0.57655 





5000 


1.23900 


3.71812 


0.57240 





5000 


1.24000 


3.71011 


0.58288 





5000 


1.24600 


3.70190 


0.65929 





5000 


1.24800 


3.70018 


0.69494 





5000 


1.24900 


3.69792 


0.75628 





5000 


1.25000 


3.69732 


0.77741 





5000 


1.25500 


3.69445 


0.88494 


o 


5000 


1.26000 


3.68739 


1.10785 





5000 


1.27000 


3.65948 


1.71237 





5000 


1.27100 


3.65081 


1.86220 





10000 


0.70000 


3.65883 


-0.77354 





10000 


0.75000 


3.68387 


-0.61118 





10000 


0.85000 


3.72710 


-0.28840 





10000 


0.90000 


3.74406 


-0.12341 





10000 


0.95000 


3.75684 


0.05096 





10000 


0.96000 


3.75849 


0.08575 





10000 


0.97000 


3.75991 


0.12365 





10000 


0.99000 


3.76159 


0.20510 





10000 


0.99600 


3.76163 


0.23140 


o 


10000 


1.00300 


3.76118 


0.26305 





10000 


1.00800 


3.76031 


0.28752 





10000 


1.01200 


3.75935 


0.30657 





10000 


1.01800 


3.75698 


0.33548 





10000 


1.02200 


3.75448 


0.35441 





10000 


1.02700 


3.74890 


0.37717 





10000 


1.03000 


3.74360 


0.38685 





10000 


1.03200 


3.73903 


0.39007 





10000 


1.03400 


3.73225 


0.38940 





10000 


1.03500 


3.72750 


0.38722 
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TABLE 1 - continued from previous page 
fa (GeVcm- 3 ) Age (Myr) M(M ) log(T eff / K ) log(L* / L ) 



U 


1UUUU 


1 nQfinn 




u.ooo /y 


U 


i nnnn 
1UUUU 


l.UOOoU 


q 7i nm 


U.ooOol 


U 


i nnnn 
1UUUU 




Q 71 fi70 
O. t ID I Z 


u.oooyo 


U 


i nnnn 
1UUUU 


1 nQcnn 


Q 71 OAR 
O. I 1Z40 




U 


i nnnn 
1UUUU 


l.UoooU 


Q 7HQ07 


u.oy ( oo 


U 


i nnnn 
1UUUU 


1 n^nnn 
1.U4UUU 


Q 7fl Q 70 


n A 1 

U.410O0 


n 
U 


i nnnn 
1UUUU 


1 n/imn 

1.U4UOU 


o. t yjzoo 


u.4Zooy 


n 
U 


i nnnn 
1UUUU 


1 n/ine;n 
1.U4UOU 


Q 7H1 OQ 


fl /10Q07 

u.4zoy / 


U 


i nnnn 
1UUUU 


1.U4U / U 


O. ( Ulzo 


n AlAACl 

U.4o44U 





10000 


1.04100 


3.70031 


0.44326 





10000 


1.04130 


3.69943 


0.45274 


o 


10000 


1.04160 




n 46980 


o 


10000 


1.04190 


3.69793 


0.47273 





10000 


1.04300 


3.69567 


0.51601 





10000 


1.04380 


3.69436 


0.55155 





10000 


1.04500 


3.69276 


0.61013 





10000 


1.05000 


3.68530 


0.92676 





10000 


1.05500 


3.65768 


1.59461 





10000 


1.05600 


3.63176 


2.03457 
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1U 
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l.ZUUUU 
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n noi Kn 
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1U 


i nn 

1UU 
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l.OUUUU 


o.oyoOo 


u.uo ( oy 


inio 

1U 


i nn 

1UU 


1 a nnnn 

1.4UUUU 


^ 7Q/ion 
v5. ( o4yu 


n 9/191 7 
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inio 

1U 


i nn 

1UU 


1 a Knnn 
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1U 


i nn 
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O.oOzoO 


n O/l A KQ 

u.y44oy 


inio 

1U 


i nn 
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1 7finnn 
1. / ouuu 
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1U 
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i nn 
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1U 
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1U 
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1U 
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1 A~\ A 07 
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1 7fi/1QO 
1. ( 04oU 


10 10 


100 


2.70200 


4.04259 


1.76607 


10 10 


100 


2.80000 


4.05207 


1.82829 


i nlO 
10 


100 


3.00000 


4.06971 


"1 O P" O O'V 

1.95027 


i nlO 
10 


100 


o 1 n o r\ o 

3.10000 


A n l "7'"7 l '7"1 

4.07771 


onono 

2.00893 


i nlO 
10 


100 


o o n o r\ o 

o\z0000 


4.0oOZl 


c\o c cr 1 
Z.OOOOl 


inio 

1U 


i nn 

1UU 


q Qnnnn 
o.oUUUU 


A no9i 7 

4.uyzi ( 


9 1 9979 
Z. 1ZZ ( Z 


10 10 


100 


3.40000 


4.09866 


2.17810 


10 10 


100 


3.50000 


4.10458 


2.23242 


10 10 


250 


0.70000 


3.59349 


-0.62775 


10 10 


250 


0.80000 


3.61265 


-0.50389 


10 10 


250 


0.90000 


3.62766 


-0.40301 


10 10 


250 


1.00000 


3.64230 


-0.30329 
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J. Casanellas and I. Lopes 

TABLE 1 - continued from previous page 



Px (GcVcm- 3 ) Age (Myr) M(M ) log(T eff / K ) log(L* / L Q ) 



10 lu 


250 


1.10000 


3.65798 


-0.19969 


10 lu 


250 


1.20000 


3.67556 


-0.09093 


10 lu 


250 


1.30000 


3.69671 


0.03406 


10 u 


250 


1.40000 


3.73128 


0.22720 


10 lu 


250 


1.44000 


3.75889 


0.39117 


10 lu 


250 


1.53000 


3.80126 


0.67555 


10 lu 


250 


1.55000 


3.80817 


0.71798 


10 lu 


250 


1.60000 


3.82542 


0.80970 


10 u 


250 


1.65000 


3.84492 


0.88633 


I0 lu 


250 


1.70000 


3.86508 


0.95286 


10 lu 


250 


1.80000 


3.89902 


1.07001 


10 lu 


250 


1.90000 


3.92480 


1.17147 


10 lu 


250 


2.00000 


3.94476 


1.26280 


10 lu 


250 


2.11000 


3.96228 


1.35670 


10 u 


250 


2.20000 


3.97481 


1.43071 


10 lu 


250 


2.30000 


3.98578 


1.50889 


10 lu 


250 


2.40000 


3.99598 


1.58609 


10 iu 


250 


2.50000 


4.00488 


1.66125 


10 lu 


250 


2.60000 


4.01246 


1.73526 


10 u 


250 


2.70000 


4.01859 


1.80770 


I0 lu 


250 


2.80000 


4.02310 


1.87882 


10 lu 


250 


3.00000 


4.02552 


2.01842 


10 lu 


250 


3.10000 


4.02190 


2.08620 


10 lu 


250 


3.20000 


4.01430 


2.15322 


10 lu 


250 


3.22000 


4.01277 


2.16722 


10 u 


250 


3.24000 


4.01174 


2.18256 


10 lu 


250 


3.26000 


4.01327 


2.20081 


10 lu 


250 


3.28000 


4.02670 


2.23334 


10 lu 


250 


3.28500 


4.04408 


2.26151 


10 lu 


250 


3.29000 


4.05639 


2.29390 


10 u 


250 


3.29500 


4.05395 


2.30856 


10 lu 


250 


3.30000 


4.05357 


2.31636 


10 lu 


250 


3.32000 


4.04968 


2.34698 


10 lu 


250 


3.33000 


4.04627 


2.36266 


10 lu 


250 


3.34000 


4.04091 


2.37787 


10 lu 


250 


3.35000 


4.03370 


2.39302 


10 u 


250 


3.36000 


4.01745 


2.40485 


10 lu 


250 


3.37000 


3.98897 


2.40714 


10 lu 


250 


3.37200 


3.95120 


2.38532 


10 lu 


250 


3.37300 


3.96704 


2.39705 


10 lu 


250 


3.37350 


3.92038 


2.35792 


10 u 


250 


3.37400 


3.89185 


2.32240 


10 lu 


250 


3.37500 


3.87884 


2.31104 


I0 lu 


250 


3.37600 


3.87480 


2.30377 


, nil) 

I0 lu 


250 


3.37610 


3.82323 


2.23956 


I0 lu 


250 


3.37625 


3.76925 


2.14724 


10 lu 


250 


3.37630 


3.75533 


2.09758 


10 10 


250 


3.37650 


3.75340 


2.08848 


10 10 


250 


3.37800 


3.74435 


2.04126 


10 10 


250 


3.37890 


3.72552 


1.92500 


10 10 


250 


3.37900 


3.71631 


1.89722 


10 10 


250 


3.37940 


3.70380 


1.94489 


10 10 


250 


3.37970 


3.69641 


2.01061 


10 10 


250 


3.38000 


3.69639 


2.01106 


10 10 


250 


3.38050 


3.68514 


2.15606 


10 10 


250 


3.38100 


3.66782 


2.39365 


10 iU 


500 


0.70000 


3.59342 


-0.62850 


10 iU 


500 


0.80000 


3.61265 


-0.50389 


10 1U 


500 


0.90000 


3.62767 


-0.40301 


1fl in 

10 iU 


500 


1.00000 


3.64230 


-0.30251 


1 nlO 
1U 


500 


1.10000 


o. 00819 


-U.zUOzo 


10 10 


500 


1.20000 


3.67554 


-0.09088 


10 10 


500 


1.30000 


3.69647 


0.03344 


10 10 


500 


1.40000 


3.73118 


0.22720 


10 10 


500 


1.44000 


3.75827 


0.38808 


10 10 


500 


1.53000 


3.80224 


0.68268 


10 10 


500 


1.55000 


3.80995 


0.72853 


10 10 


500 


1.60000 


3.82760 


0.82057 


10 10 


500 


1.65000 


3.84768 


0.89791 
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TABLE 1 - continued from previous page 
Px (GeV cm- 3 ) Age (Myr) M(M Q ) log(T ef f / K ) logjL* / L Q ) 



10 iu 


500 


1.70000 


3.86796 


0.96601 


10 lu 


500 


1.76000 


3.88850 


1.03930 


10 lu 


500 


1.80000 


3.90008 


1.08457 


10 u 


500 


1.90000 


3.92217 


1.18698 


10 iu 


500 


2.00000 


3.93750 


1.28114 


10 lu 


500 


2.10000 


3.94795 


1.37030 


10 lu 


500 


2.15000 


3.95196 


1.41438 


10 lu 


500 


2.20000 


3.95509 


1.45762 


10 u 


500 


2.30000 


3.95728 


1.54300 


I0 lu 


500 


2.40000 


3.95542 


1.62688 


10 lu 


500 


2.50000 


3.94693 


1.70742 


10 lu 


500 


2.55000 


3.94184 


1.75045 


10 lu 


500 


2.55600 


3.94203 


1.75654 


10 lu 


500 


2.55700 


3.94212 


1.75765 


10 u 


500 


2.55800 


3.94217 


1.75880 


10 lu 


500 


2.55900 


3.94228 


1.75997 


10 iu 


500 


2.60000 


3.99163 


1.88475 


10 iu 


500 


2.62000 


3.99297 


1.92062 


10 lu 


500 


2.64000 


3.99075 


1.95728 


10 u 


500 


2.66000 


3.98326 


1.99550 


I0 lu 


500 


2.68000 


3.96681 


2.03021 


10 lu 


500 


2.68200 


3.95995 


2.03320 


10 lu 


500 


2.68600 


3.95410 


2.03834 


10 lu 


500 


2.68800 


3.94773 


2.04005 


10 lu 


500 


2.69200 


3.92822 


2.03882 


10 u 


500 


2.69400 


3.89373 


2.01971 


10 lu 


500 


2.69420 


3.89459 


2.01915 


10 iu 


500 


2.69440 


3.89070 


2.01627 


10 lu 


500 


2.69460 


3.89580 


2.02186 


10 iu 


500 


2.69480 


3.86146 


1.98866 


10 u 


500 


2.69500 


3.86910 


1.99730 


10 lu 


500 


2.69520 


3.85675 


1.98359 


10 lu 


500 


2.69540 


3.87282 


2.00053 


10 lu 


500 


2.69560 


3.87244 


2.00054 


10 lu 


500 


2.69580 


3.83047 


1.95416 


10 iu 


500 


2.69630 


3.84622 


1.97231 


10 u 


500 


2.69660 


3.78873 


1.89355 


10 lu 


500 


2.69690 


3.79320 


1.90246 


10 iu 


500 


2.69710 


3.76255 


1.81118 


10 lu 


500 


2.69730 


3.75139 


1.74539 


10 10 


500 


2.69750 


3.74936 


1.72820 


10 10 


500 


2.69780 


3.74743 


1.72034 


10 10 


500 


2.69795 


3.73908 


1.65063 


10 10 


500 


2.69800 


3.72122 


1.54824 


10 10 


500 


2.69860 


3.71297 


1.57353 


10 10 


500 


2.69880 


3.69589 


1.78031 


10 10 


500 


2.70000 


3.68929 


1.88306 


10 10 


500 


2.70050 


3.69252 


1.83360 


10 10 


500 


2.70070 


3.68060 


2.01429 


I0 lu 


1000 


0.70000 


3.59343 


-0.62835 


10 iu 


1000 


0.80000 


3.61265 


-0.50388 


10 lu 


1000 


0.90000 


3.62771 


-0.40237 


10 lu 


1000 


1.00000 


3.64227 


-0.30241 


10 iu 


1000 


1.10000 


3.65805 


-0.19957 


10 u 


1000 


1.20000 


3.67568 


-0.09093 


10 iu 


1000 


1.30000 


3.69727 


0.03518 


10 lu 


1000 


1.40000 


3.73102 


0.22653 


10 iu 


1000 


1.44000 


3.75889 


0.39277 


10 iu 


1000 


1.53000 


3.80564 


0.70306 


10 u 


1000 


1.60000 


3.83200 


0.84284 


I0 iu 


1000 


1.65000 


3.85341 


0.92307 


10 10 


1000 


1.70000 


3.87285 


0.99406 


10 10 


1000 


1.76000 


3.88904 


1.06749 


10 10 


1000 


1.80000 


3.89652 


1.11273 


10 10 


1000 


1.83000 


3.90033 


1.14480 


10 10 


1000 


1.87000 


3.90370 


1.18600 


10 10 


1000 


1.90000 


3.90493 


1.21566 


10 10 


1000 


1.95000 


3.90401 


1.26376 


10 10 


1000 


2.00000 


3.90141 


1.31448 
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J. Casanellas and I. Lopes 

TABLE 1 - continued from previous page 



Px (GcVcm- 3 ) Age (Myr) M(M ) log(T eff / K ) log(L* / Lp ) 



10 lu 


1000 


2.05000 


3.89407 


1.36077 


10 lu 


1000 


2.06000 


3.89241 


1.37057 


10 lu 


1000 


2.07000 


3.88761 


1.37607 


10 u 


1000 


2.08000 


3.88835 


1.38831 


10 lu 


1000 


2.09000 


3.89412 


1.41124 


10 lu 


1000 


2.11000 


3.93148 


1.48036 


10 lu 


1000 


2.12000 


3.93149 


1.49956 


10 lu 


1000 


2.12200 


3.92995 


1.54880 


10 u 


1000 


2.16000 


3.91064 


1.62459 


I0 lu 


1000 


2.16200 


3.90691 


1.62914 


10 lu 


1000 


2.16400 


3.90554 


1.63129 


10 lu 


1000 


2.16800 


3.89927 


1.63903 


10 lu 


1000 


2.17000 


3.89056 


1.64023 


10 lu 


1000 


2.17200 


3.88933 


1.64312 


10 u 


1000 


2.17400 


3.88375 


1.64434 


10 lu 


1000 


2.17800 


3.85624 


1.63663 


10 lu 


1000 


2.17900 


3.84939 


1.63333 


10 iu 


1000 


2.18000 


3.80882 


1.59958 


I0 lu 


1000 


2.18050 


3.79955 


1.58839 


10 u 


1000 


2.18400 


3.76397 


1.48527 


I0 lu 


1000 


2.18470 


3.75255 


1.42385 


10 lu 


1000 


2.18500 


3.74623 


1.37775 


10 10 


1000 


2.18600 


3.72835 


1.26181 


10 10 


1000 


2.18650 


3.72407 


1.24779 


10 10 


1000 


2.18720 


3.71856 


1.25013 


10 10 


1000 


2.18800 


3.71212 


1.28788 


10 10 


1000 


2.19000 


3.69462 


1.56416 


10 10 


1000 


2.19400 


3.69228 


1.60791 


10 10 


1000 


2.19600 


3.68734 


1.69522 


10 10 


1000 


2.20000 


3.67855 


1.84529 


10 10 


1000 


2.21000 


3.65633 


2.19809 


inin 
10 1U 


2500 


0.70000 


3.59349 


-0.62780 


10 1U 


2500 


0.80000 


3.61265 


-0.50388 


i ni n 
10 iU 


2500 


0.90000 


3.62767 


-0.40301 


inin 
10 iU 


2500 


1.00000 


3.64237 


-0.30378 


10 iU 


2500 


1.10000 


3.65825 


-0.19978 


in in 
10 iU 


2500 


1.35000 


3.70932 


0.10914 


10 iU 


2500 


1.40000 


3.73128 


0.22828 


i ni n 
10 iU 


2500 


1.44000 


3.75879 


0.39584 


i n1 n 

10 iU 


2500 


1.53000 


3.81410 


0.75816 


-i nl n 

10 1U 


2500 


1.57000 


3.83305 


0.85851 


10 iU 


2500 


1.60000 


3.84564 


0.91821 


10 iU 


2500 


1.63000 


3.85266 


0.96669 


1 ni n 
10 1U 


2500 


1.66000 


3.85215 


1.00609 


i ni n 
10 iU 


2500 


1.70000 


3.84199 


1.05047 


10 iU 


2500 


1.72000 


3.83612 


1.07915 


1 ni n 
I0 iu 


2500 


1.72100 


3.85743 


1.11808 


10 iU 


2500 


1.72200 


3.86014 


1.12466 


1 ni n 
10 iU 


2500 


1.72400 


3.87311 


1.16259 


inin 

10 iU 


2500 


1.72800 


3.87269 


1.17369 


1 ni n 
I0 iu 


2500 


1.73200 


3.87128 


1.18566 


inin 
10 1U 


2500 


1.73600 


3.87105 


1.19157 


inin 
10 iU 


2500 


1.74000 


3.87041 


1.19929 


inin 
10 1U 


2500 


1.75000 


3.86430 


1.23096 


-inin 
10 1U 


2500 


1.76000 


3.86125 


1.25416 


i ni n 
10 1U 


2500 


1.76300 


3.85553 


1.27278 


inin 
10 iU 


2500 


1.76900 


3.85413 


1.28327 


inin 
10 iU 


2500 


1.77200 


3.85151 


1.29184 


inin 
10 1U 


2500 


1.77500 


3.84768 


1.30132 


1 ni n 
10 iU 


2500 


1.78100 


3.83483 


1.32116 


1 nlO 
1U 


2500 


1. 1 8400 


Q OO0 1 A 


1 Q QOQ 1 

1.33031 


10 10 


2500 


1.78700 


3.81245 


1.33483 


10 10 


2500 


1.78850 


3.80299 


1.33387 


10 10 


2500 


1.79000 


3.78996 


1.32675 


10 10 


2500 


1.79200 


3.77997 


1.31361 


10 10 


2500 


1.79300 


3.76226 


1.26238 


10 10 


2500 


1.79450 


3.75258 


1.21969 


10 10 


2500 


1.79550 


3.73794 


1.13340 


10 10 


2500 


1.79560 


3.73550 


1.11770 
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TABLE 1 - continued from previous page 
p x (GeV cm- 3 ) Age (Myr) Af(M Q ) log(T ef , / K ) log(L* / L a ) 



10 iu 


2500 


1.79580 


3.72151 


1.05788 


10 10 


2500 


1.79800 


3.70862 


1.11460 


10 10 


2500 


1.80210 


3.68846 


1.49512 


10 10 


2500 


1.80230 


3.68561 


1.54939 


1 nl 

10 u 


5000 


0.70000 


3.59343 


-0.62848 


1 ni n 
I0 iu 


5000 


0.80000 


3.61266 


-0.50388 


10 iU 


5000 


0.90000 


3.62768 


-0.40294 


, n 1fl 

10 iU 


5000 


1.00000 


3.64232 


-0.30238 


, n 1fl 

10 iU 


5000 


1.10000 


3.65825 


-0.19996 


10 iU 


5000 


1.35000 


3.71131 


0.11569 


10 iU 


5000 


1.40000 


3.73269 


0.23555 


10 1U 


5000 


1.42000 


3.74773 


0.32335 


10 iU 


5000 


1.44000 


3.75940 


0.40507 


1n 1(l 


5000 


1.52500 


3.82673 


0.86081 


1n 1(l 


5000 


1.52900 


3.82723 


0.87224 


1 nl 

10 u 


5000 


1.53000 


3.82739 


0.87449 


10 iU 


5000 


1.53200 


3.82716 


0.87939 


I0 iu 


5000 


1.55000 


3.82059 


0.91006 


, n in 
10 iU 


5000 


1.55400 


3.81926 


0.91844 


, n 1fl 

10 iU 


5000 


1.55500 


3.81942 


0.92292 


, n 1fl 

10 iU 


5000 


1.55600 


3.82012 


0.92808 


-i nl 

10 iU 


5000 


1.55700 


3.82209 


0.93831 


10 1U 


5000 


1.55800 


3.82537 


0.95100 


10 iU 


5000 


1.56000 


3.83293 


0.98387 


1n 1(l 

10 iU 


5000 


1.57000 


3.82934 


1.02482 


1n 1(l 


5000 


1.57400 


3.82722 


1.04105 


1 nl 

10 u 


5000 


1.57800 


3.82450 


1.06319 


1 ni n 
I0 iu 


5000 


1.58200 


3.82054 


1.08576 


10 iU 


5000 


1.58600 


3.81474 


1.10958 


, n 1fl 

10 iU 


5000 


1.59000 


3.80618 


1.13377 


, n 1fl 

10 iU 


5000 


1.59200 


3.80030 


1.14496 


, n 1fl 

10 iU 


5000 


1.59400 


3.79237 


1.15433 


-i nl 

10 iU 


5000 


1.59600 


3.78150 


1.15645 


10 1U 


5000 


1.59700 


3.77129 


1.14679 


10 iu 


5000 


1.59800 


3.76298 


1.12934 


10 iu 


5000 


1.59850 


3.75192 


1.09169 


1n 1(l 

10 iu 


5000 


1.59900 


3.74191 


1.04429 


10 iu 


5000 


1.59930 


3.73466 


1.00691 


I0 iu 


5000 


1.59970 


3.73375 


1.00286 


10 iu 


5000 


1.60000 


3.72418 


0.96280 


10 iu 


5000 


1.60020 


3.71859 


0.95378 


10 10 


5000 


1.60040 


3.70956 


0.98761 


10 10 


5000 


1.60060 


3.70970 


0.98616 


10 10 


5000 


1.60070 


3.70557 


1.03330 


10 10 


5000 


1.60100 


3.70588 


1.02912 


10 10 


5000 


1.60200 


3.69679 


1.20695 


10 10 


5000 


1.60300 


3.68802 


1.39689 


10 10 


5000 


1.60400 


3.66942 


1.74128 


10 10 


5000 


1.60500 


3.65370 


2.00792 


10 10 


5000 


1.60600 


3.64008 


2.21617 


10 iU 


10000 


0.70000 


3.59344 


-0.62847 


1 nl n 

io lu 


10000 


0.80000 


3.61267 


-0.50388 


1 ni n 

io lu 


10000 


0.90000 


3.62769 


-0.40299 


-i nl n 

io iU 


10000 


1.30000 


3.69722 


0.03529 


10 1U 


10000 


1.40000 


3.73533 


0.24953 


i ni n 
10 iU 


10000 


1.41000 


3.74352 


0.29694 


1 ni n 

io iU 


10000 


1.46500 


3.80456 


0.70287 


1 nlO 
10 


10000 


1.48000 


3.81716 


0.825ol 


10 10 


10000 


1.48200 


3.81629 


0.84311 


10 10 


10398 1 


1.48200 


3.81542 


0.86725 


10 10 


11050 T 


1.48200 


3.81191 


0.92592 


10 10 


11480 T 


1.48200 


3.80361 


0.98288 


10 10 


11531 T 


1.48200 


3.80181 


0.99086 


10 10 


11764 T 


1.48200 


3.78869 


1.02901 


10 10 


11859 T 


1.48200 


3.77838 


1.04011 


10 10 


11886 T 


1.48200 


3.77429 


1.04049 


Continued on next page 



1 In the case of p x = 10 10 GeV cm 3 , the post-MS segment of 
the 10 Gyr isochrone is a conservative estimation (a lower limit on 



luminosity) of the true isochrone. 
ary track of a star of 1.482 M©. 



It corresponds to the evolution- 
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TABLE 1 - continued from previous page 
p y (GeV cm- 3 ) Age (Myr) M(M Q ) log(T eff / K ) log(L* / L Q ) 



TTTm 

10 iU 


11911 1 


1 


.48200 


3.76976 


1.03835 


, n in 

10 iU 


11953 T 


1 


.48200 


3.75900 


1.02202 


, n in 

10 iU 


11989 T 


1 


.48200 


3.74529 


0.97853 


10 iU 


12011^ 


1 


.48200 


3.73269 


0.92437 


1A in 

10 1U 


12023^ 


1 


.48200 


3.72535 


0.89746 


in in 

10 iu 


12030^ 


1 


.48200 


3.72109 


0.88802 


10 iu 


12043 T 


1 


.48200 


3.71376 


0.89170 


-i r,1 n 

10 iU 


12055 T 


1 


.48200 


3.70812 


0.92433 


10 1U 


12063 T 


1 


.48200 


3.70488 


0.96159 


10 iU 


12073"^ 


1 


.48200 


3.70197 


1.00946 


10 iU 


12091^ 


1 


.48200 


3.69698 


1.11706 


, n 1ll 

10 1U 


12101 - '" 


1 


.48200 


3.69396 


1.18796 


10 iu 


12115 T 


1 


.48200 


3.68955 


1.28798 


10 10 


12125 T 


1 


.48200 


3.68606 


1.36247 


10 10 


12135 T 


1 


.48200 


3.68178 


1.44963 


10 10 


12146 T 


1 


.48200 


3.67543 


1.56985 


10 10 


12157 T 


1 


.48200 


3.66829 


1.69748 


10 10 


12161 T 


1 


.48200 


3.66535 


1.74837 


10 10 


12173 T 


1 


.48200 


3.66014 


1.84078 


10 10 


12184 T 


1 


.48200 


3.65567 


1.91832 


10 10 


12189 T 


1 


.48200 


3.64898 


2.02439 



